SUMMARY: There are still many mysteries about the amazing abilities of salmon to migrate long distances from open water to their home streams for spawning. Three different approaches ranging from molecular biology to behavioral biology have been applied to investigate mechanisms of salmon homing migration using chum salmon (Oncorhynchus keta) from the Bering Sea to Hokkaido as well as lacustrine sockeye salmon (O. nerka) and masu salmon (O. masou) in Lake Toya and Shikotsu, Hokkaido, Japan. These fish offer good model systems for studying salmon homing migration. The endocrinological studies revealed that the brain-pituitary gonadal axis plays leading roles in homing migration. The sensory physiological studies suggested that amino acids dissolved in the natal stream water are possible home stream odorants. The biotelemetrical studies provided new concepts for orientation ability in open water, energetics of migration, and environmental preferences of migrating fish. We are confident that these approaches using our useful model system will provide valuable new information about the physiological mechanisms of homing migration in salmon.
DHP implantation also significantly shortened homing duration in females, but it did not have any significant effect in males. These steroid hormone implantations did not affect serum T and DHP levels. It is quite interesting to note that the direct actions of T and DHP on homing migration are sex dependent. The peak of plasma T levels in land-locked sockeye salmon of both sexes was observed at the time when they gathered at the mouth of their natal stream in Lake Chuzenji, Japan.7) The functional roles of T and DHP on the salmonid homing migration should be further investigated with special attention to their action on the central nervous system.8)
OLFACTORY DISCRIMINATING ABILITY
We examined the olfactory discriminatory ability of lacustrine sockeye and masu salmon, which were reared in the culture pond of Toya Lake Station, by recording the integrated olfactory nerve response according to the technique of Sveinsson and Hara.9) The olfactory organs of both species elicited different response properties to freshwater from various sources regardless of sex or gonadal maturity.10) The source and effluent water from the culture pond evoked the minimum and maximum response magnitudes, respectively.
In cross adaptation experiments, the culture pond water abolished the secondary response to the river water, but the river water did not abolish the secondary response to the culture pond water. The minimum concentration (threshold) to induce the olfactory nerve response to the culture pond water after adaptation to the lake water was between 0.1 and 1.0%.
This threshold level suggests that the olfactory discriminatory ability of salmonids during homing migration must function within a limited distance from the natal river.
Unlike olfactory organs of terrestrial animals, fish olfactory organs respond only to a limited number of chemical species dissolved in water. Chemicals that elicit the response from the olfactory organs of salmon are amino acids, steroids, bile acids, and prostaglandins11).
We analyzed the compositions of amino acids, inorganic cations and bile acids in waters from three streams which flow into Lake Toya. 12 Although ultrasonic tracking is particularly important to monitor the homing behavior of the ablated individual through constant tracking, both electromyographic (EMG) radiotransmitters that can estimate the energetics of migration and micro dataloggers that can record swimming depth and ambient water temperature of migrating fish have also been used in Lake Toya.13) In adult masu salmon, the preferred swimming speeds of individuals within the lake (during their pre migratory searching phase) were compared with the same individuals in streams using EMG radiotransmitters (Leonard et al., unpubl. data, 2001 ). Masu salmon in the lake swam at a preferred speed of approximately 2 FL/s with remarkably little variation. In the stream, the variability in selected swimming speed was much larger, and often showed a bimodal pattern with one peak in the aerobic swimming speed range and the other in the anaerobic speed range. Micro-dataloggers were used to assess the environmental preferences of mature masu salmon during their spawning migration. The behavior of one male during searching period was characterized by movements in relatively shallow water while it traveled around the periphery of the lake. During the period prior to upstream migration, the fish seemed to be selecting habitat by depth or lake area rather than by temperature. Between two upstream attempts, the fish was characterized as being a the recovery period where it stayed in deep, cool water. 16) Although our lake system has provided several interesting findings in salmon homing migration as a result of various types of tracking telemetry, these techniques have both advantages and disadvantages.
In order to overcome thess disadvantages, ten experts in the fields of ship engineering, signal processing, acoustic engineering, and computer science have carried out a collaborative research project to develop an automatic salmon-tracking robot boat in Lake Toya since 1999. We are trying to develop four interrelated equipment systems; 1) a robot boat, 2.5 m in length, 1.3m in width, with a loading capacity of 120kg, operating at 2 knots using two electric thrusters, 2) an ultrasonic tracking system detecting distance and direction of miniature pingers, 3) a signal processing and control system consisting of DGPS, acoustic signal, and gyroscope, 4) a telecommunication system between a land base and the boat. The final goal of this project is to build a robot boat that can track an acoustic signal acquired from a salmon at a distance of 100m. In the future, we plan to track salmon using the robot boat in the ocean. 
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